To identify correlates of calf cramp in children with Charcot-Marie-Tooth disease type 1A (CMT1A).
correlates of calf muscle cramp. Baseline data included age, height, weight, presence of foot pain and ankle instability, frequency of trips and falls, foot alignment, ankle dorsiflexion range of motion, foot and hand strength, joint mobility, gait characteristics, ability to toe walk and heel walk, balance, fine motor ability, presence of foot drop and postural hand tremor, hand pain, weakness and difficulties, and electrophysiology. Data collection methods have been published. 3, 4 Children were also asked whether they experienced regular muscle cramp, which was defined as painful involuntary contraction of skeletal muscle. The presence or absence of cramp was determined by the child and parent/guardian after discussion with an investigator (J.B.). The nature of cramp-like symptoms was discussed at length to exclude other diagnoses. Cramp presence and affected muscles were recorded.
Standard protocol approvals, registrations, and patient consents. Parents/guardians gave written informed consent in accordance with approval by the Human Research Ethics Committees of both hospitals.
Statistical analyses.
Descriptive statistics were calculated to characterize the sample in SPSS (version 19.0; SPSS, Chicago, IL). Missing data were addressed by excluding cases pairwise. Non-normally distributed data were transformed using an appropriate formula. To assist interpretation of results, medians and interquartile ranges are presented for non-normally distributed raw scores. Means and SDs are presented for transformed normally distributed data.
To examine the relationship between child characteristics and the presence of calf muscle cramp, calculations using Pearson product moment correlation and Fisher exact test were performed for continuous and categorical data, respectively. Factors significantly ( p Ͻ 0.05) associated with the presence of calf muscle cramp were entered into a logistic regression model using the stepwise method. To avoid multicollinearity, only one variable from highly correlated (r Ͼ 0.7) variables (e.g., plantarflexion and dorsiflexion strength) was included. Age was forced into the model to adjust for its influence on variables related to development. 5 Removal testing used the backward elimination method based on the Wald statistic. The omnibus tests of model coefficients were performed to provide an overall indication of the model's performance. The Hosmer-Lemeshow test was performed to check model fit. The positive predictive value of the model was calculated. An odds ratio with 95% confidence intervals (CI) was calculated for each independent variable in the model. ZResid values were calculated to identify cases for which the model did not fit well.
RESULTS Participant characteristics.
Eighty-one children (47 boys and 34 girls) aged 2-16 years (mean 8.3, SD 3.5) from 50 CMT1A families were included. Of the 81 children, 53 had confirmed 17p11.2 duplication of the PMP22 gene, and 28 had confirmed 17p11.2 duplication in a first-or second- Table 1 Relationship between calf cramp and physical characteristics and signs and symptoms of CMT1A degree relative and consistent phenotype/electrophysiology.
The Kolmogorov-Smirnov statistic demonstrated normal distribution of scores for all but 3 measures. Data were transformed to normal distribution using inverse (severity of hand/arm pain), log10 (body mass index), and reflect and log10 (foot posture index) methods.
Of the 81 children, 29 (36%) reported muscle cramping. 26 children reported calf cramp, and 1 child each reported toe, quadriceps, or arm cramp. Table 1 summarizes the relationship between calf cramp and physical characteristics and signs and symptoms of CMT1A. Table 2 summarizes the relationship between calf cramp and measures of nerve conduction, strength, and function. The following variables were entered into the logistic regression model: presence of hand tremor, age, strength of foot inversion, long jump, 9-hole peg test, and fist grip strength. Stepwise logistic regression confirmed the presence of hand tremor and age as independent predictors of calf muscle cramping (Hosmer-Lemeshow 2 ϭ 10.48, df ϭ 8, p ϭ 0.23; omnibus test 2 ϭ 19.31, df ϭ 2, p Ͻ 0.001). The positive predictive value of the model is 70.6%. The odds of calf muscle cramping are 3.81 (95% CI 1.16 -12.56) times higher for a child with hand tremor than for a child without hand tremor, and the odds of calf muscle cramping are 1.32 (95% CI 1.11-1.58) times higher for each increasing year of age. DISCUSSION Calf cramps are common in children with CMT1A and worsen with age. Although children with stronger distal leg muscles were more likely to experience cramp, this was explained by their older age. Previous research has demonstrated that despite an increase in ankle dorsiflexion strength as children with CMT1A age, strength scores move further away from the age-equivalent norms. 6 The relationship between increasing age and calf cramp in CMT1A is supported by previous research identifying a 79% prevalence of lower limb muscle cramp in adults with CMT. 1 Of the markers of CMT1A progression observed in this study (e.g., foot alignment, ankle contracture, balance, and nerve conduction studies), only hand tremor was significantly correlated with calf cramp. Tremor in CMT1A is typically postural, of medium to high frequency (4 -12 Hz) and of low amplitude, which increases with voluntary movements. 7 Postural hand tremor in children with CMT1A may result from a combination of weakness and impaired stretch reflexes, which can act to increase central drive and enhance physiologic tremor. 7 Although the mechanism of cramp is not well understood, the most popular hypothesis is abnormal excitability of motor nerve terminals. This differs from proposed mechanisms of tremor in neuropathy. Both hand tremor and calf cramp are independently associated with muscle fatigue in people with and without neurologic disease. 8, 9 Children with CMT have upper and lower limb weakness from the earliest stages of the disease. 10 Muscle weakness may reduce time to fatigue and subsequently increase risk of tremor and cramp. Although we did not detect a statistically significant difference in upper or lower limb strength measures between children with and without cramp when accounting for age, we did not measure muscle fatigability. A closer investigation of muscle fatigability might reveal a relationship between muscle fatigability and cramp/tremor. Tremor in this study was identified by observation. Although this method is well accepted for detection of nonphysiologic tremor, 7 tremor could be more thoroughly assessed in future research by use of a small, light-weight piezoresistive accelerometer and EMG. Future research could be further strengthened by using a longitudinal study design to track cramp and tremor progression and by conducting exercise testing to trigger cramp in susceptible participants. Inclusion of children without diagnosed neurologic disease could establish whether the relationship between tremor and cramp is limited to children with neurologic disease.
